ABSTRACT
INTRODUCTION
Functionally graded materials (FGMs), a type of composite materials formed of two or more constituent phases with a continuously variable composition, received increasingly growing research interests in recent years, because of their high performance in reducing the mismatch of material properties and improving the bonding strength [1] . To fit different requirements of the mechanical performance, the material properties along the gradient direction of FGMs are often designed into variety ways; therefore, the study of FGMs with arbitrary mechanical property is necessary. The investigations of dynamic fracture response in FGMs are also significant due to the fact that FGMs are usually subjected to dynamic load in engineering problems.
Miyamoto, et al. [2] discussed the methods of FGM fabrication and general information about FGMs including microstructure analysis of the graded materials.. The thermoelastic behaviour of functionally graded beams was also studied by Chakraborty, et al. [3] . A beam finite element based on Timoshenko's theory was developed, accounting for an exponential and a power law through-the-thickness variation of elastic and thermal properties. Zhao, et al. [4] studied the post-buckling of simply supported rod made of functionally graded materials under uniform thermal loading using the numerical shooting method. Li, et al. [5] studied the thermal postbuckling behaviour of a fixed-fixed beam based on the Timoshenko beam theory. They found the effect of shear on buckling of homogeneous beams and used the shooting method to analyze the post-buckling behaviour of FGM beams. Rastgo, et al. [6] discussed the buckling of functionally graded material curved beams under linear thermal loading. They studied both the in-plane and out of plane buckling of curved beams. Ke, et al. [7] presented the post-buckling of a cracked beam for hinged-hinged and clamped-hinged edge conditions based on the Timoshenko beam theory. Also, Ke, et al. [8] presented the free vibration and mechanical buckling of cracked beams using the first order shear deformation beam theory for three types of boundary conditions. Recently, considerable interest has also been focused on investigating the performance of FGM plates. For example, Reddy [9] proposed an analytical formulation relied on a Navier's approach using the third-order shear deformation theory and the von Karman-type geometric non-linearity.Vel and Batra [10] , Vel and Batra [11] introduced an exact formulation based on a power series for thermo-elastic deformations and vibration of rectangular FGM plates. Also, Bouazza and Adda-Bedia [12] expressed the mechanical buckling of plates under three types of mechanical loadings for simply supported plates in all edges. Bouazza, et al. [13] investigated the post-buckling behavior of a simply-supported FG beam by using Euler-Bernoulli beam theory, first-order shear deformation beam theory, parabolic shear deformation beam theory and exponential shear deformation beam theory.
In this present study on the nonlinear response of FGM beams using hyperbolic shear deformation theory. The material properties of the beams vary continuously in the thickness direction according to the power-law form. The formulations are developed by using HYSDT.
Governing equations were found by applying Hamilton's principle. Navier type solution method was used to obtain critical buckling loads. Here, volume fraction for ceramic increases from 0 at z = -h/2to 1 at z = h/2.
The state of stress in the beam is given by the generalized Hooke's law as follows: 
Governing Equations
Based on the assumptions made in the previous section, hyperbolic shear deformation theory (HYSDT) proposed by Soldatos [15] , Soldatos [16] is used for the mathematical formulation.
The displacement field of presented theory is as follows: According to the small-strain, moderate-rotation approximations, the nonvanishing strains are given as follows:
where x  is the normal strain and xz  is the engineering shear strain.
Here the axial displacement u is assumed to be of order 
The following stress resultants are introduced The total potential energy can be expressed as follows:
Substituting Eq. (7) into Eq. (12) and noting the definition of the stress resultants, the potential energy can be expressed as follows:
The kinetic energy of the composite beam is given by
where  is the mass density per unit volume.
Hamilton's variational principle states that
where  is the first variation and nc W is the work done by non conservative forces. Applying this principle yields the following equations of motion: 
The boundary-value problem governing the static postbuckling response, expressed in terms of stress resultants, can be obtained from Eqs. (16)- (18) by setting all time-dependent terms equal to zero and disregarding the non conservative forces. The result is
As it is evident from Eq. (23), the stress resultant N, which is the total axial force exerted on the beam's cross section, is a constant. In the context of linear analysis, where the contribution of the midplane stretching is negligible, the induced axial force is simply equal to the externally applied axial load at the beam ends. As a matter of fact, the midplane stretching introduces a tension force on the beam's cross section. As a result, the total axial force N, which is a constant according to Eq. (23), will account for the applied axial force and the induced axial force due to midplane stretching. This means that for a compressive external axial force N, the stress resultant N will be less than the applied force by an amount that is equal to tension due to midplane stretching. Consequently, Eq. (24) that governs the transverse displacement w will be nonlinear.
To this end, we express the equations governing the static response of the beam in terms of the 
One notes that Eq. (26) may be solved for the axial displacement u, and hence it can be eliminated from the other two equations. This will lead to a flexural model that is given in terms of only the displacements unknowns w and 
Eq. (26) and its first derivative can be expressed as follows: The first buckling mode was proofed to be the only stable equilibrium position [18] . For simply supported boundary conditions outlined above, the following displacement field is assumed: 
RESULTS AND DISCUSSION
The constituent material properties of the FGM beam were chosen as follows [13, 14] Table- 
Metal
Classical beam theory [13] 4 It is worth investigating the significance of shear deformation not only on the critical buckling load but also on the resulting post-buckling response, which is considered to be the contribution of this study. The post-buckling response of simply supported FGM beams using the hyperbolic shear deformation theory (HYSDT) is presented. increased. Comparing Fig. 3 with Fig. 4 , the responses are very similar, however, the critical buckling load of slenderness ratio L/h=10 is higher than that critical buckling load of slenderness ratio L/h=5.
CONCLUSION
In the present paper, equilibrium and stability equations for a simply supported rectangular functionally graded beam are obtained using the using the hyperbolic shear deformation theory 
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